Aim To evaluate whether the use of electrothermal bipolar vessel sealing system reduces the blood loss and operating time, with lesser complications as compared to suture ligation in selective neck dissection in patients with oral cancer. Materials and Methods The study was conducted in the Department of Oral and Maxillofacial Surgery of our institute from January 2015 to December 2016. The sample consisted of 60 patients, divided into Groups I and II with 30 subjects in each. In Group I electrothermal bipolar vessel sealer and in Group II suture ligation were used. The outcome measures recorded were: blood loss, operating time, quality of surgical field, postoperative pain on days 1, 2, and 3, drainage volume at 24, 48, and 72 h, edema, complications, and duration of hospital stay. Results There were 36 males and 24 females with a mean age of 50.76 ± 12.6 years. Blood loss was significantly less for Group I than for Group II (p = 0.001); the operating time was significantly less in Group I than in Group II (p = 0.001); Group I had better quality of surgical field (p = 0.001); less pain on postoperative evening, day 2 and day 3 (p \ 0.05); and less drainage volume at 24 and 48 h (p \ 0.05). Postoperative edema, complications, need for perioperative blood transfusion, and duration of hospital stay postsurgery were similar in both groups. Conclusion The electrothermal bipolar vessel sealer was efficacious in terms of reducing blood loss and operating time while providing a better surgical field and patient compliance without increasing the perioperative morbidity.
Introduction
Prevention of blood loss during surgery has been a perpetual thought since the earliest days of this profession. Minimizing intraoperative bleeding not only aids in providing a clearer surgical field, reducing the risk of damage to vital structures, but also helps in decreasing perioperative complications like hemorrhage or hematoma which may be life-threatening at times. Excessive blood loss may also necessitate postoperative blood transfusion, exposing the patient to the additional risks of transfusion reactions and contracting various blood-transmitted diseases.
The use of suture ligation to achieve hemostasis continues to remain the gold standard in surgery despite having many disadvantages like being time-consuming, risk of knot slippage, inflammation, poor wound healing, and foreign body reactions [1] . These maneuvers are also very difficult to apply in the deep anatomic recesses of the neck, especially for the smaller fragile vessels. Electrocautery and conventional diathermy require cautious use as they may cause inadvertent thermal damage to the adjacent tissues. Monopolar diathermy has a reported lateral thermal zone of damage of up to 15 mm. It also carries the risk of causing burns if the electrode is not applied properly. Conventional bipolar diathermy although safer than monopolar is effective only for vessels of smaller size. It has a zone of thermal injury of 1-6 mm [2] . These drawbacks have led to the development of new techniques such as ultrasonic scalpels and electrothermal bipolar vessel sealer (EBVS). These technologies have reported advantages like time-saving and reduction in blood loss, albeit at a higher cost.
The EBVS utilizes a combination of mechanical pressure and high frequency electrical energy to bring about hemostasis. In contrast to standard monopolar and bipolar diathermy which use high voltage and low current, the EBVS uses high current and low voltage (4 A, \ 200 V) [3, 4] . It has been shown to effectively seal vessels up to 7 mm in diameter. It acts by denaturing the collagen and elastin within the vessel wall and surrounding connective tissue which forms a translucent ''seal'' that can easily be transected with a scalpel or scissors [3] . A computer-controlled tissue response generator senses the density of the tissue, automatically adjusts the precise amount of energy to seal the tissues and turns the device off with a sound signal when sealing is complete. This seal can resist deformation with tensile strength up to three times the normal systolic pressure [5] . The EBVS has been shown to have a higher arterial burst strength of about 900 mm Hg in an in vitro porcine model, equal to that of hemoclips and ligatures, and significantly higher than that of ultrasonic shears and conventional bipolar coagulators [5] . The thermal injury from EBVS is limited to less than 1.5-3 mm from the coagulated tissues [2, [4] [5] [6] .
The safety and efficacy of the EBVS have already been confirmed in general surgery, endoscopic, urological, gynecological, and thyroid surgeries [7] [8] [9] [10] . However, there have been few studies reporting the usefulness of this system in reducing blood loss and operating time in selective neck dissection. The neck has abundant named and unnamed vessels, predisposing it to increased blood loss during surgery and requiring a number of clamp-andtie maneuvers which prolong the duration of surgery.
This study aims to evaluate whether the use of EBVS reduces the amount of blood loss and operating time with lesser complications as compared to suture ligation among the patients with oral cancer undergoing selective neck dissection. These were evaluated by measuring blood loss, operating time, quality of surgical field, need for perioperative blood transfusion, postoperative pain on days 1, 2 and 3, drainage volume at 24, 48 and 72 h, edema, complications, and duration of hospital stay.
Materials and Methods
A prospective randomized comparative study was conducted in our department from January 2015 to December 2016 with clearance from the institutional ethics committee.
Study population consisted of patients with oral cancer who reported to our department. Informed consent was obtained from all the patients prior to inclusion in the study. Adults above the age of 18 years with ASA physical status of classes I and II were included in the study. Patients below 18 years of age and those with co-morbidities such as diabetes and bleeding disorders, pregnancy, previous surgery, or neck irradiation were excluded.
A total of 60 patients were divided into Group I and Group II of 30 patients each using computer-generated randomization. In Group I EBVS and in Group II suture ligation were used, for achieving hemostasis. Conventional monopolar and bipolar diathermy was used for smaller blood vessels (less than 2 mm in diameter) in both groups.
Surgical Procedure
All the procedures were performed under general anesthesia by the same surgical team to avoid any inter-operator bias. The standard protocol for selective neck dissection was followed. Level I, II, and III cervical lymph nodes along with submandibular salivary gland were dissected out. The various structures sealed or ligated included the facial artery and veins, submandibular duct, superior thyroid artery, common facial vein.
In Group I (n = 30), the EBVS was used for sealing the vessels or structures (up to 7 mm in diameter) as shown in Fig. 1 . For thinner tissues or vessels, one seal was performed, and for larger vessels, the double seal technique was used. EBVS was first applied distally, closer to the structures to be removed, and then 3-4 mm proximally. Transection was done at the middle of the distal seal so that 1 seals were left behind [3] . Surgical clips or any other hemostatic aids were not used in either group. In Group II (n = 30), 2-0 Sutupak was used to seal the vessels using the conventional knot-tying technique.
Outcome Measures
In both the groups, amount of blood loss during neck dissection was measured using the gravimetric method. Standardized surgical sponges were weighed pre-and postoperatively on a scale with accuracy of 0.001. The dry weight was subtracted from the wet weight, the difference indicating the amount of blood loss. The preoperative and postoperative hemoglobin and hematocrit levels were recorded. Total time for cervical lymphadenectomy (selective neck dissection) starting from the incision time till the completion of neck dissection was noted. The quality of surgical field during neck dissection was determined by the operating surgeon according to Fromme's surgical field scale [11] . Pain was recorded on postoperative evening, 24, 48, and 72 h after surgery on a ten-point Visual Analog Scale. Postoperative edema was recorded on day 3 as the swelling is usually maximum on the 3rd and 4th postoperative day after neck dissection. Volume of postoperative drainage in the suction drain was measured at 24, 48, and 72 h after surgery. Drains were removed after 72 h. Any intraoperative complications like major vessel laceration, injury to nerves or adjacent structure like trachea, postoperative complications like hemorrhage, hematoma, seroma, chyle leak or any neurologic complications, perioperative blood transfusions, total duration of hospital stay postsurgery were recorded. The data collector was blinded to the mode of intervention.
Statistical Analysis
The data obtained were entered into Microsoft Excel sheet and analyzed using Statistical Package for Social Sciences, version 15.0 (SPSS Inc., Chicago, IL, USA). The data were shown to be normally distributed using the Shapiro-Wilk test. Continuous data were compared by unpaired T test. Paired T test was used for comparison within the study groups. Categorical data were analyzed by Chi-square or Fisher's exact test, whichever was applicable. The results were expressed as mean ± standard deviation for continuous data. Qualitative or categorical variables were described as frequencies and proportions. A p value of \ 0.05 was considered as statistically significant.
Results

Demographic Data
The mean age of the study population was 50.76 ± 12.6 years (range 26-80 years). Thirty-six (60%) of the total patients were males, and twenty-four (40%) were females. The mean age of females was 50.16 ± 10.9 years, and that of males was 51.16 ± 13.7 years. Table 1 shows the distribution of the study population in the two groups.
Analysis of Outcome Variables
The results are shown in Tables 2, 3 
The mean preoperative hemoglobin and hematocrit levels were similar for both groups (p [ 0.05), while postoperative values were significantly less in Group II (p \ 0.05). The mean change in pre-and postoperative hemoglobin levels was not significant in Group I, but highly significant in Group II (0.06 ± 0.2, p = 0.201 vs. 0.71 ± 0.8, p = 0.001). Similarly, the mean change in preand postoperative hematocrit in Group I was significant (0.70 ± 1.2, p = 0.004), whereas the mean change in Group II was highly statistically significant (2.53 ± 2.0, p = 0.001) ( Table 2) .
There was a statistically significant difference in the operating times for neck dissection between Groups I and II (43.43 ± 4.4 and 54.40 ± 5.3 min, respectively, p = 0.001).
The quality of surgical field was significantly better in Group I than in Group II (p = 0.001).
There was a significant difference in the mean pain scores between Groups I and II on postoperative evening, day 2 and day 3 (p = 0.021, p = 0.003 and p = 0.050, respectively).
The mean drainage volume at 24 and 48 h was significantly less in Group I than in Group II (p = 0.031, p = 0.001, respectively), but was insignificantly less at 72 h (p = 0.051). The postoperative edema between Groups I and II was not statistically different (p = 0.49).
The mean duration of hospital stay in Groups I and II was 14.16 ± 8.8 days and 13.76 ± 5.6 days, respectively, and the difference was not statistically significant (p = 0.835).
None of our patients had any intraoperative complications like major vessel laceration, major nerve injury or 
Discussion
The aim of this study was to compare the electrothermal bipolar vessel sealing system with suture ligation as the means of achieving hemostasis in selective neck dissection in patients with carcinoma of oral cavity. The EBVS has been hypothesized as an alternative to suture ligation with advantages of reduced blood loss, operating time, and better perioperative outcomes. We evaluated the system in terms of blood loss, change in hemoglobin and hematocrit levels, operating time, quality of surgical field, postoperative pain, edema and complications, and duration of hospital stay.
Our results showed that the EBVS was advantageous in reducing blood loss and operating time, providing a better surgical field, without increasing the perioperative morbidities when compared to suture ligation in selective neck dissection.
In this study, the blood loss during neck dissection in Group I was significantly less than in Group II (p = 0.001).
Various studies comparing the EBVS with clamp-and-tie technique have shown similar blood loss in both (p [ 0.05) [12] [13] [14] [15] . In contrast, several other authors have reported significantly less blood loss for the EBVS compared to suture ligation [16] [17] [18] . This variation in findings is perhaps due to the fact that the gravimetric method of measurement of blood loss is a very crude method. Even though universally accepted in scientific literature, it is merely an estimation which can be highly subjective. The incidental blood lost in the surgical gloves and drapes and due to evaporation is also not taken into account, which may be up to 25% of the measured blood loss [19] . The operating surgeons' expertise may also contribute to this difference.
We observed that the hemoglobin and hematocrit levels when compared between the two groups pre-and postsurgery showed a higher mean change in the suture ligation group than in the EBVS group. The significant decrease in mean postoperative hematocrit levels that was seen in both our groups may have been due to the dilutional effect of fluids administered during the perioperative period. Another pitfall in this approach of measurement of hemoglobin and hematocrit is the reliability of this method and the intra-and inter-rater differences that are unavoidable.
The mean reduction in operating time for neck dissection that we found for Group I (p = 0.001) was in accordance with studies by several authors [13, 14, 16-18, 20, 21] . This reduction is obviously due to the time saved by eliminating the need for tedious knottying. One study has, however, reported a higher operating time for the EBVS when compared to the harmonic scalpel or conventional ligation and attributed this increased operating time to the need for changing instruments as the EBVS cannot both coagulate and cut unlike the harmonic scalpel [15] . In our study, we have not made the comparison with the harmonic scalpel. Another study also could not demonstrate any advantage in terms of operating time in EBVS compared to suture ligation (p = 0.6) [12] .
The quality of surgical field was significantly better in the EBVS group than in the suture ligation group which was obviously due to less intraoperative bleeding with the EBVS. To the authors' knowledge, no other studies have made a comparison of the surgical field between the two groups.
We found lower pain scores for patients in the EBVS group compared to suture ligation group suggesting better patient compliance and smoother postoperative recovery similar to another study [17] . The lower pain scores can be attributed to the decreased degree of thermal injury that occurs with the EBVS [5, [22] [23] [24] , and the integrated feedback-controlled mechanism of the device that switches it off as soon as the sealing is complete resulting in less damage to the tissues.
The lesser amount of drainage volumes in EBVS group suggests that the vessel sealer is more effective than suture ligation in sealing the minor vessels, thus resulting in less postoperative collection similar to another study (p \ 0.0001) [13] .
We did not find any statistically significant difference in terms of postoperative edema (p [ 0.05), postoperative complications, need for perioperative blood transfusions, or duration of hospital stay between the two groups. Most studies that have compared the hospitalization time reported no significant difference between the two groups, similar to our findings [14, 16, 17, 21] . In one study, however, the postoperative hospital stay was significantly less for the patients in vessel sealer group than in conventional group (p \ 0.05) in thyroidectomy [13] . The possible explanation for this is that the length of hospital stay is also affected by the surgery for the primary tumor and the morbidity associated with the donor site wherever reconstruction is done.
In our experience, the vessel sealing system was easy to use without any technical difficulties and had a short learning curve. It is less time-consuming and tedious than suture ligation and does not have the risk of knot slippage and foreign body reaction. The reduction in blood loss is especially useful for patients presenting with advanced stages of the disease, often associated with anemia.
Although the device is expensive, it can be reused, in contrast to standard diathermy which is disposable, thus being more cost-effective. Another drawback is the size of the tip of the instrument which has poor grasping qualities compared to standard bipolar forceps. It may sometimes feel cumbersome while dissection and is not suitable for coagulating smaller vessels for which the standard monopolar or bipolar cautery is needed. A demerit of our study is the dearth of similar studies on the use of the EBVS in neck dissection in oral cancer patients to allow for a proper comparison of data.
Conclusion
The EBVS is a safe device for achieving hemostasis in neck dissection procedures. It significantly reduced operating time and blood loss, providing a better surgical field without increasing the perioperative complications or morbidity. The patient compliance was better in terms of reducing postoperative pain, compared to the suture ligation. Thus, we recommend use of the EBVS for neck dissection procedures. 
